and 15 were treated with purely endoscopic approaches. Free flaps had a significantly higher average cost, operative time, and LOS compared to both non-free flap (p < 0.001, < 0.001, and < 0.01) and endoscopic (p ¼ 0.01, 0.04, and < 0.01) groups. There were no significant differences in average costs between endoscopic and non-free flap groups ($19,157 vs. $14,806, p ¼ 0.20) or LOS (5.7 vs. 6.4 days, p ¼ 0.72). Compared with the non-free flap group, the endoscopic group had a longer average operative time (8.3 vs. 5.5 hours, p < 0.01) and higher rates of cerebrospinal fluid (CSF) leak (13 vs. 0%, p ¼ 0.01) and intensive care unit (ICU) admission (80 vs. 36%, p < 0.01). Surgical approach (open vs. endoscopic) was not a significant predictor of any financial or perioperative outcome on multivariable analysis. Conclusion Hospital costs are comparable between endoscopic and open approaches when no free tissue reconstruction is required. Longer operative times, higher CSF leak rates, and our institutional protocol necessitating ICU admission for endoscopic cases may account for the failure to demonstrate cost savings with endoscopic surgery.
Introduction
Recent decades have seen a paradigm shift in the surgical management of sinonasal and skull base tumors, as minimallyinvasive endoscopic approaches have been increasingly adopted as an alternative to traditional craniofacial resection (CFR). Although concerns existed initially regarding the oncological principles of endoscopic techniques, there is growing evidence supporting its safety and oncological effectiveness in carefully selected patients.
1-3 Recent meta-analyses and large series comparing open and endoscopic approaches demonstrated comparable rates of long-term survival and locoregional control for a variety of sinonasal malignancies, including olfactory neuroblastomas, 4,5 adenocarcinomas, 6,7 squamous cell carcinomas, 1, 8 and malignant melanomas.
2,9
Many malignancies that traditionally required an external approach can now be treated with endoscopic resection, resulting in less invasive surgery with lower mortality and morbidity, but comparable oncological outcomes. Recent studies have reported complication rates of 7 to 11% and a mortality of less than 1% for endoscopic surgery; 1, 2, 5, 7, 10, 11 in contrast, CFR is reported to have complication rates of 15 to 53% and a mortality of 5 to 13%. 5, [10] [11] [12] [13] [14] Additionally, studies have reported other favorable perioperative outcomes associated with endoscopic approaches, including reduced intraoperative blood loss, shorter hospital length of stay (LOS), and improved cosmesis.
1,2,10,15
As endoscopic surgery emerges as a viable approach for skull base surgery, it has become increasingly important to delineate the costs and benefits to patients and their families. Furthermore, reporting on fiscal outcomes, such as costs, complications, and LOS, and identifying determinants of these outcomes, are critical toward guiding cost-effective health care utilization. Yet, there is a paucity of research describing the financial burden of surgical resection of sinonasal malignancies, 16 and no studies have identified key factors impacting these outcomes. The purpose of this study was to compare in-hospital costs and perioperative outcomes between open and endoscopic surgical approaches for sinonasal malignancies. A secondary aim was to identify patient-and treatment-related factors impacting these outcomes.
Materials and Methods

Study Design
This study included a retrospective chart review and financial data collection approved by the research ethics board at the University Health Network in Toronto, Ontario (no. 15-9623-CE). Data related to patient demographics, pathology, and treatment were obtained from electronic medical records, and case costing data were obtained from the finance department at the University Health Network. All adult patients (18 or older) undergoing skull base surgery for a sinonasal malignancy from January 2000 to December 2014 were reviewed. Patients with incomplete financial data, metastatic disease, or primary cutaneous malignancies with sinonasal tract extension were excluded.
Data Extraction
All clinical and operative notes were reviewed and data were recorded on patient demographics, tumor characteristics, and treatment details. Outcomes included in-hospital costs, LOS, length of operation, and complications occurring within a 30-day perioperative period. Comorbidity was graded using the Charlson comorbidity index (CCI), excluding the index cancer diagnosis from the solid tumor category.
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Cost Data
Financial data were obtained from the finance department at the University Health Network. The costs of care were defined as in-hospital costs related to the patient stay, and included all services involved in direct patient care: perioperative care, ICU, nursing, pharmacy, allied health (i.e., physical therapy, occupational therapy, speech language pathology, respiratory therapy, social work), and diagnostic laboratories and imaging. Overhead costs such as administration, equipment, finance, housekeeping, and human resources were also recorded, as were the costs of readmissions related to perioperative complications. Costs of care did not include physician fees, rehabilitation, or services provided after hospitalization. All costs were converted to 2015 Canadian dollars (CAD) using the historical Consumer Price Index (CPI) from Statistics Canada.
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Statistical Analysis
Descriptive statistics were used to describe the patient population and outcomes. Open free flap, non-free flap, and endoscopic groups were compared across patient, tumor, and treatment characteristics using analysis of variance (ANOVA) or chi-square test. Linear regression was used to identify predictors of in-hospital costs, complications, and LOS. Surgical approach (open vs. endoscopic) and other variables that were significant on univariable analysis were entered into a multiple regression model. All statistical analyses were conducted using SPSS version 21.0 (SPSS Inc., Chicago, Illinois, United States). A p-value of less than 5% was considered significant.
Results
During the 15-year period from January 2000 to December 2014, 164 adult patients underwent surgery for a sinonasal malignancy with skull base involvement at our institution. Of these, 57 were excluded due to incomplete financial data and 1 was excluded due to metastatic disease. The remaining 106 patients were eligible for inclusion. reconstruction were performed on 15 and 37 patients, respectively. Of the 91 patients undergoing open surgery,13 underwent neck dissection and 6 underwent orbital exenteration.
Comparison between free flap, non-free flap, and endoscopic groups revealed no difference in age, sex, histopathology, dural/brain/palate involvement, or use of adjuvant radiation or chemotherapy (►Table 1). However, the free flap and non-free flap open surgery groups had higher average comorbidity levels (p ¼ 0.04), and the non-free flap group had a lower proportion of patients with orbital involvement (p < 0.01).
Outcomes for Open versus Endoscopic Surgery
Average in-hospital costs were $28,770 for free flap surgery, $14,806 for open non-free flap surgery, and $19,157 for endoscopic surgery (►Table 2). Free flap costs were significantly higher compared with both non-free flap and endoscopic groups (p < 0.001 and p ¼ 0.01, ►Fig. 1). On average, (15) Malignant melanoma 0 (0) 1 (5) 8 (11) Adenoid cystic carcinoma 1 (7) 3 (16) 4 (6) Mucoepidermoid carcinoma 0 (0) 1 (5) free flaps also required a significantly longer operative time (10.9 hours) compared with both non-free flap and endoscopic groups (5.5 and 8.3 hours, p < 0.01 and p ¼ 0.04, respectively; ►Fig. 2). Moreover, free flaps were associated with significantly longer LOS (11.2 days) compared with both non-free flap and endoscopic groups (6.4 and 5.7 days, p < 0.01 for both, ►Fig. 3). While free flap surgery was clearly associated with higher costs, operative time, and LOS, differences between non-free flap and endoscopic surgery were less apparent. Compared with non-free flap patients, endoscopic surgery was not associated with an increased cost although there was a trend toward higher average cost ($19,157 vs. $14,806, p ¼ 0.20; ►Fig. 1). There was also no significant difference in average LOS (5.7 vs. 6.4 days, p ¼ 0.72; ►Fig. 3). However, the endoscopic group did involve significantly longer operations on average (8.3 vs. 5.5 hours, p < 0.01; ►Fig. 2).
Perioperative complications included wound infection (4%), CSF leak (2%), hemorrhage (1%), and intracranial abscess (1%). There was no significant difference in overall complication rates between endoscopic and non-free flap groups (20 vs. 8%, p ¼ 0.20; ►Table 3). However, the endoscopic group had significantly higher rates of CSF leak (13 vs. 0%, p ¼ 0.01) and ICU admission (80 vs. 36%, p < 0.01).
Further cost analysis by department as shown in ►Fig. 4 demonstrated that patients undergoing endoscopic surgery incurred higher average perioperative costs ($11,037 vs. $6,673, p < 0.01) and ICU costs ($2,741 vs. $1,688, p ¼ 0.02) compared with non-free flap patients. 
Predictors of In-Hospital Costs, Complications, and Length of Stay
Factors associated with cost on univariable analysis were histopathology, orbital and dural involvement, preoperative radiation, regional and free flap reconstruction, orbital exenteration, perioperative complication, CSF leak, and ICU admission (►Table 4). However, on multivariable analysis, only free flap reconstruction, complication, and ICU admission were independently predictive of in-hospital cost (p < 0.001 for all).
Predictors of hospital LOS on univariable analysis included histopathology, regional and free flap reconstruction, perioperative complication, CSF leak, and ICU admission (►Table 5 
Discussion
Despite mounting pressure for cost containment on healthcare, there is a paucity of research on the costs of skull base surgery for sinonasal malignancies, and none that have directly compared costs between surgical approaches. Our study examined the in-hospital costs and perioperative outcomes of 106 patients undergoing skull base surgery for a sinonasal malignancy. The free flap group had a significantly higher average cost, operative time, and LOS compared with the other groups. There was no significant difference in LOS or costs between non-free flap and endoscopic surgery groups although there was a trend to higher costs in the endoscopic group. Multiple regression showed that free flap reconstruction was a significant predictor of in-hospital Costs of Malignant Sinonasal Tumor Resection Fu et al. 437
costs, complications, and LOS. Complications and ICU admission were also independently predictive of costs and LOS. This is the first study, to our knowledge, to identify predictors of the costs and perioperative outcomes of skull base surgery. To our knowledge, there is only one study reporting on the costs of skull base surgery. Stapelton et al 16 conducted a retrospective review of 55 pediatric patients undergoing endoscopic surgery for a skull base lesion. This 2015 study reported an average in-hospital cost of $34,056 USD with an average LOS of 4.5 days. In our series, the average cost of endoscopic surgery was $19,157 CDN and average LOS was 5.7 days. Differences in patient demographics, geographic location, healthcare systems, time horizon, and tumor histopathology could explain the discrepancy compared with the costs in our study. In our study, free flap surgery was associated with significantly higher costs, operative time, and LOS compared with both non-free flap (p < 0.001, p < 0.01, and p < 0.01) and endoscopic approaches (p ¼ 0.01, p ¼ 0.04, p < 0.01). Free flaps also had the highest overall rate of complications among the three groups (21 vs. 20% endoscopy vs. 8% non-free flap, p ¼ 0.20). These results were consistent with multiple regression analysis, which showed that free flap reconstruction was a significant predictor of costs, complications, and hospital LOS.
Comparison between non-free flap and endoscopic groups was more challenging and warranted further discussion. In terms of complications, our study found a higher CSF leak rate in the endoscopic group (13 vs. 0% non-free flap, p ¼ 0.01) although there were no significant differences in overall complications (p ¼ 0.20). These rates are comparable to studies in the literature, which report overall complication rates ranging from 3 to 26% for endoscopic surgery Our study failed to show a significant difference in the average LOS between endoscopic and non-free flap groups (5.7 vs. 6.4 days, p ¼ 0.72). The literature supports a shorter average LOS for patients undergoing an endoscopic approach ranging from 3.0 to 4.7 days 1,2,5,7,10,11 compared with 5.7 to 11.5 days for those receiving open surgery. 5, [10] [11] [12] [13] [14] In one study, Nicolai et al 6 described a series of 67 patients with ethmoid adenocarcinoma treated purely with endoscopic surgery (n ¼ 29), CFR (n ¼ 18), and cranioendoscopic resection (CER) combining an endoscopic approach with subfrontal craniotomy (n ¼ 9). This study found that CER and CFR increased hospital LOS by an average of 6.3 and 11.7 days, respectively, compared with purely endoscopic approaches. One major caveat is the need for free tissue reconstruction. As evidenced in our study, patients undergoing reconstructive procedures require longer hospital stay and this may account for some of the studies demonstrating improvements in LOS. A common limitation of the aforementioned studies comparing surgical approaches is the lack of control for disparities in histopathology and tumor stage between open and endoscopic cohorts. In many studies, the endoscopic group contained less advanced tumors and prognostically better histopathologies such as olfactory neuroblastoma and adenocarcinoma compared with the open group. 1, 6, 10, 11 In our study, there were no significant differences in histopathology or markers of tumor severity such as dural/brain/palate involvement, apart from higher orbital involvement in the endoscopic group (20 vs. 11%, p < 0.01). Multivariable analysis showed that surgical approach was not independently predictive of perioperative complication or LOS after controlling for relevant factors. There was no statistical difference in costs between the endoscopic group and the open non-free flap group, ($19,157 vs. 14,806, p ¼ 0.20) although there was a trend toward increased costs for endoscopic patients. We hypothesize that these differences are primarily attributable to the significantly longer operating rooms (ORs) in the endoscopic group (8.3 vs. 5.5 hours, p < 0.01). This is consistent with the results of our cost analysis by the department, which showed significantly higher perioperative costs for endoscopic patients compared with non-free flap patients ($11,037 vs. $6,673, p < 0.01). Other potential explanations could include the significantly higher rates of CSF leak and ICU admission in the endoscopic cohort. This is consistent with our multiple regression analysis, which identified perioperative complications and ICU admissions as independent predictors of increased costs. Although we did not delve into the reasons for ICU admission for this particular study, our institutional approach in general is to transfer patients undergoing an endoscopic approach to the ICU. Patients undergoing open approaches on the other hand do not necessarily require ICU admission. This suggests one potential cost-saving measure of transferring endoscopic patients to a step down unit or directly to the ward in the postoperative period.
Endoscopic skull base surgery requires a range of specialized instrumentation, which involves considerable cost, including videoendoscopic navigation, endoscopes, microdebriders, hemostasis systems, and disposable items such as microdebrider blades. 19 Comparison to costs reported in the literature is difficult owing to a paucity of research in this area; this highlights the need for additional studies that evaluate the financial burden of evolving endoscopic approaches compared with traditional open surgery.
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This study is limited by the retrospective design, singleinstitution bias, and small sample size, particularly for the cohort of endoscopically treated patients. Our study did not include the costs of physician services, rehabilitation, or additional services provided after inpatient hospital stay. Additionally, we did not account for quality of life lost, productivity losses borne by family members, or intangible costs such as grief and pain; these costs, while difficult to measure, are likely to be substantial. Despite the above limitations, our study is the first to (1) compare the in-hospital costs of open and endoscopic surgical approaches for sinonasal malignancies, and (2) identify predictors of cost, complications, and hospital LOS among these patients. Larger, multi-institutional studies with more patients are needed to better evaluate the financial burden associated with sinonasal and skull base surgery, and confirm the findings of this study. Future studies could also examine the impact of surgical approach on quality of life and incorporate financial data on out-of-hospital costs in the postoperative period.
